Functional consequences of proline mutations in the predicted transmembrane domain of P-glycoprotein.
Site-directed mutagenesis was used to investigate whether prolines in the predicted transmembrane domains play essential roles in the function of human P-glycoprotein. Mutant cDNAs in which codons for each of the 13 prolines were changed to alanine were expressed in mouse NIH 3T3 cells and analyzed with respect to their ability to confer resistance to various drugs. Mutations of either Pro223 in transmembrane segment 4 or Pro866 in transmembrane segment 10, drastically reduced the ability of the mutant proteins to confer resistance to colchicine, adriamycin, or actinomycin D, whereas the capacity to confer resistance to vinblastine was retained. These results strongly suggest that residues in putative transmembrane segments 4 and 10, which are found in identical positions when homologous, presumably duplicated, halves of the transporter are aligned, play important roles in recognition of colchicine, adriamycin, and actinomycin D. They may either interact to form a single drug-binding site or form part of two equivalent, but independent, drug-binding sites. The lack of detectable effect of either mutation on vinblastine transport, however, indicates that there are differences in the requirements for binding of various substrates to P-glycoprotein. Mutation of Pro709 in transmembrane segment 7 resulted in a protein unable to confer drug resistance. A change at this position was found to induce a structural aberration, since the major protein product observed in transfected cells had an apparent molecular weight of 150,000, whereas the wild-type enzyme had an apparent molecular weight of approximately 170,000. Mutation of the other 10 prolines yielded protein products with structural and functional characteristics indistinguishable from wild-type P-glycoprotein.